Introduction
Plant wall polysaccharides are intimately connected with maintenance of cellular form and control of cell growth (6) . Many pathogenic fungi and bacteria attack plants with enzymes that degrade the wall polysaccharides. Yet little is known about the structure and synthesis of the noncellulosic polysaccharides, which constitute as much as 75 % of the cell wall (10) .
Study of wall polysaccharide has been hindered by the use of heterogeneous wall extracts. For example, pectin is solubilized with boiling water, protopectin with versene or dilute acid, and hemicellulose with alkali. These extraction procedures reduce the degree of polymerization of the polysaccharides and also alter the structure in various ways. It would be advantageous to isolate and characterize plant wall polysaccharides without the necessity of extraction.
Sycamore cambial cells grown in suspension possess many desirable attributes for the study of polysaccharide structure and synthesis. Thornber and Northcote have published data on the composition of cambium cells in the intact sycamore (27) and Lamport has studied a wall-specific hydroxyprolinerich protein in sycamore cell suspensions (15) . One of the chief assets of this system is its friability; the cells in suspensions can be handled almost like bacterial systems. The sycamore cells grow rapidly in large amounts and can be plated or transferred by pipette. Another advantage is that by continuous transfer one selects for rapidly growing cells so that the population in the logarithmic phase of growth is more uniform than cells of plant tissues. Furthermore the supply of metabolites is readily controlled, and every cell has direct access to the external medium containing these metabolites. When desirable the cells can be grown on a defined medium.
Although various wall polysaccharides may turn out to be important in controlling cell growth, we have concentrated on the galacturonic acid containing polymers, since it is known that the carboxyl groups of galacturonic acid possess the ability to control cell growth (6) . This paper reports the presence of external uronide containing polysaccharides in the culture fluid of sycamore cambial cells growing in sus- pension. The composition of these polysaccharides is described, as well as studies on the incorporation of glucose-C14 and various methyl donors into the methyl galacturonate residues. These polysaccharides are compared to normal wall polysaccharides.
Materials and Methods
Growth of the Cells. The sycamore cambial cells (Acer pseudoplatanus, the English sycamore, is a species of American maple) were [20] and freshly prepared FeCl3 [25] .
The cells were grown at 23°with mild rotation (80 cycles/min) under conditions of interrupted darkness. Fernbach flasks (2800 ml) containing 1100 ml of medium were used. The cells were subcultured every 11 to 12 days by transferring with a sterile graduate 100 ml of cells from the old medium to 1000 ml of fresh medium.
For the growth curve 10 ml samples were removed aseptically on appropriate days, filtered with the aid of a small conical buchner funnel and washed with 5 ml of distilled water. The cells were transferred to aluminum planchets and weighed, then dried to constant weight in an oven and the dry weight deter- In Vivo Experimizenits. Cells for the in vivo experiments were collected in the logarithmic phase of growth with the aid of a coarse sintered glass funnel. Care was taken that the cells were not allowed to dry. The M-6 medium was washed from the cells on the funnel with a sterile salt solution containing the M-6 salts, 2,4-D and 0.1 M KCl to bring the solution to an appropriate osmotic concentration. The implements and solutions were sterile to reduce contamination. The cells were incubated at room temperature with shaking, at a concentration of 1 g cells/ml of solution containing the salts plus the various substrates and radioactive compounds mentioned below. At the end of the incubation the cells were collected by filtration or by centrifugation andl fractionated as below.
The external polysaccharide was precipitated witlh alcohol, collected by centrifugation and washed once with 80 % alcohol, redissolved in water and(l made to a given volume.
The cells were dlisrupted with a Fisher hancl homogenizer. The internal cold water soluble, hot water soluble and residual fractions were obtained, and in the case of the experiments with glucose-C14 the fractions hydrolyzed and the galacturonic aci(l purified by a modification (3) of the procedlure of Jansen et al (13) . For the purposes of simplicitv the data from the cold water soluble fractiIon have not been use(l and the data from the hot vxater soluble and versene extracts (13) (5)], ancl the amount of radioactivity in a similar sample. All carbazole determinations andi measurements of radioactivity x-ere carried out in triplicate. When the incorporation of radioactivity into saponifiable methylI esters was being measured, the galacturonic acid Nvas not purified, but the radioactivity of a sample was determinied oIn a planchet, allowed to saponify for at least 5 hours in the presence of ammonia vapors, and the radioactivity again determined. Saponification by ammionia vapors is sufficient to hydrolyze the methyl esters of galacturonic acid (13) .
Uniformly labeled glucose-C14 with specific activity 30 mc/mni (Calbiochem) xvas used in experiment 1, with specific activity 200 mc/mM (New England Nuclear) in experiment 2. Formaldehyde-C14H3 (New England Nuclear) with specific activity 1.0 was used in experiment 3. S-Adenosylmethionine-C14H3 of specific activity 10.0 mc/mM (Tracerlab), C14H3-Methionine of specific activity 10 mc/mM (New England Nuclear), and C14H,O with specific activity 10 mc/mM (New England Nuclear) were used in experiments 4 and 5.
Results
Growth of Cells. Lamport has described the growth of the sycamore cells in a coconut milk medium (16) . Growth in the M-6 medium is similar and need not be discussed in detail. The cells grow rapidly and in friable suspension. A growth curve is illustrated in figure 1 methionine-C14H3, known to mediate between methione and methyl acceptors in some systems (12) .
In these experiments 5 g of cells were washed and incubated for 2 hours with the labeled compounds. After reaction the cells were collected and the saponifiable activity in the various fractions determined.
The results of one experiment, experiment 4, can be seen by the data of table IV. In this experiment the following amounts of radioactive precursors were fed: 1,700,000 dpm of CH9O, 1,300,000 dpm of Sadenosylmethionine, and 4,900,000 dpm of methionine.
The data of table IV are corrected for variations in the number of counts fed, and are based on a theoretical 106 dpm fed to each of the 3 flasks. It is clear from the data that although the label of S-adenosylmethionine is incorporated into both the wall (16,000 dpm) and external (14,000 dpm) polysaccharides, essentially none of the activity is saponifiable, and must therefore reside in some compounds other than galacturonide methyl esters. Methionine and formaldehyde, on the other hand, are good precursors of both the wall and external polysaccharide methyl esters. Not only do the cells take up a large proportion of the counts, but an equally large share is saponifiable in ammonia vapors.
The data of table IV illustrate another point. In the external polysaccharide the methyl donors are very specific precursors of the methyl ester groups. In the case of methionine 89 % and formaldehyde 93 % of the total activity in the external polysaccharide is methyl ester. In other experiments using formaldehyde as methyl donor up to 97 % of the activity is saponifiable. In the wall, however, less than 60 % of the activity incorporated is found in the form of methyl esters. Thus the methyl groups are transformed into a greater variety of compounds in the wall.
A competition experiment (experiment 5) was conducted in order to obtain further information concerning the precursor of the methyl ester group. Methionine and formaldehyde were tested for their ability to inhibit the incorporation of each other. The washed cells were first incubated for 30 minutes in an excess (4 X 10-3 M) of the unlabeled compound, and then for an additional 2 hours in the presence of both excess unlabeled compound and 2 X 10-5 M labeled precursor.
When methionine was the cold diluent, 8 X 10-3 M D-L-methionine was used, so that the proper concentration of the L-isomer was present. The inhibition of incorporation of the label by the unlabeled compound was measured after 2 hours. The results indicate that both methionine and formaldehyde inhibit the incorporation of each other into the methyl esters of galacturonic acid, methionine being a slightly more effective inhibitor (table V) .
Discussion
The amount of galacturonic acid in the walls of the sycamore cells is comparable to the amount found in walls of bindweed callus tissue and oat shoots, 3 to 4 % of the dry weight (table II) . This amount differs from that reported for similar sycamore cell cultures by Lamport and Northcote (14) . They reported 15 % wall pectin. They estimated, however, the weight of 70 % alcohol insoluble material after extraction from the walls with versene, that is, the total polysaccharide plus any other substances present in the fraction (27) . The data of table II represent an estimate for the amount of uronic acid in each fraction. It has been found in Avena coleoptiles that 23 % of the hot water soluble fraction is actually galacturonic acid (1). We find that only 6.2 % of the external polysaccharide of sycamore cells is galacturonic acid. Considering this difference in definition, Lamport and Northcote's and our own results are quite comparable.
The sycamore cells produce extracellular polysaccharides which can be isolated from the medium by simple ethanol precipitation. The relative composition is shown by the data of table I. It is qualitatively similar to the composition of the wall polysaccharides obtained from the cambial region of a sycamore tree in a study by Thornber and Northcote (27) . However, cambial cells of the intact tree yield a predominance of xylose (27) , while the external and wall polysaccharides from the cells in suspension possess a predominance of arabinose. The proportions of the other sugars are similar in all cases, except for a somewhat greater amount of If it is, the above scheme could provide a mechanism for conversion of both formaldehyde and methionine into N5-methyl-tetrahydrofolic acid, which could then serve as the direct precursor of the methyl esters of pectin. If this is true, one would expect S-adenosylmethionine to be a poor precursor, as it would first have to be converted to free methionine, a reaction which would be metabolically inefficient. The above scheme would also explain why formaldehyde and methionine are equally good precursors; they would be converted into a common intermediate. The rate limiting step must occur after ithis common intermediate (3) . This scheme would also explain the reciprocal inhibition of the incorporation of methyl from methionine and formaldehyde.
Another important point about this pathway is that it would not require the methyl of methionine to be oxidized and rereduced before transference to pectin. This agrees with the results of Sato et al. who have shown that the methyl of methionine is transferred intact to the pectic carboxyl groups in radish (24) . Formaldehyde was shown to be a better source of methyl groups than methionine, while we found both sources to be equally effective. This could be explained if reaction [2] in the above scheme tends toward the synthesis of methionine in some systems, or under certain conditions, so that the formation of N5-methyl-tetrahydrofolate would be more rapid from methionine than formaldehyde. Alternatively, radishes might take up the formaldehyde more readily than methionine. Of course, definitive answers can be obtained only through in vitro studies, which we are attempting.
Summary
Sycamore (Acer pseudoplatanus) cambial cells in suspension grow rapidly in complex yeast extract medium.
These cells contain galacturonic acid residues similar in amount to those found in bindweed callus and oat seedlings.
The cells secrete polysaccharides into the culture medium. The polysaccharides are similar in composition to the noncellulosic wall polysaccharides of these cells, and slightly different from the composition reported for sycamore cambial cells in the intact tree.
Glucose-C14 and formaldehyde-C14 are taken up rapidly by the cells, and the label from each is found in the galacturonic acid residues of both wall and external polysaccharides. The galacturonide residues from external polysaccharides have a higher specific activity than those of the wall polysaccharides.
S-adenosylmethionine is apparently not a precursor of the methyl esters of galacturonic acid. Methionine and formaldehyde are equally good precursors of these esters. The immediate precursor has not been identified. It is proposed that this could be N5-methyl-tetrahydrofolic acid.
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